~ 121-107 RCE 2 
REMARKS 
Rejection of Claims and Traversal Thereof 

In the January 2, 2003 Office Action, 

claims 14-25, 27, 29, 38-61, 65 and 66 were rejected under 35 U.S.C. §112, second paragraph; 

claims 14-25, 27, 29, 38-61, 65 and 66 stand rejected under 35 U.S.C. §103 (a) as being 
unpatentable over Donnelly, et al. (WO 96/00583) and Johnson (U.S. Patent No. 5,658,785) in 
further view of Whittle, et al. (U.S. Patent No. 5,658,785); 

claims 16, 18, 20 and 50 stand rejected under 35 U.S.C. §103 (a) as being unpatentable over 
Donnelly, et al (WO 96/00583), Johnson (U.S. Patent No. 5,658,785) and Whittle, et al. (U.S. 
Patent No. 5,658,785) in further view of Gissmann, et al. (WO 96/1 1272); and 

claim 61 stands rejected under 35 U.S.C. §103 (a) as being unpatentable over Donnelly, et al. (WO 
96/00583), Johnson (U.S. Patent No. 5,658,785) and Whittle, et al. (U.S. Patent No. 5,658,785) in 
further view of Stanley, et al. (U.S. Patent No. 6,096,869). 

These rejections are hereby traversed and reconsideration of the patentability of the pending 
claims is requested in light of the following remarks. 

Rejection under 35 U.S.C. §112, second paragraph 

Claims 14-25, 27, 29, 38-61, 65 and 66 were rejected under 35 U.S.C. §112, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. Applicants have amended the claims thereby obviating the 
rejections. 

Rejection under 35 U.S.C. S103 (a) 
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In the January 2, 2003 Office Action, claims 14-25, 27, 29, 38-61 65 and 66 were rejected under 
35 U.S.C. §103 (a) as being unpatentable over Donnelly, et al. and Johnson in further view of 
Whittle, et al. Applicants submit that Donnelly, et al. in combination with Johnson and Whittle, et 
al. does not render applicants' claimed invention prima facie obvious. 

The present invention relates to an adeno-associated virus vector comprising a nucleotide sequence 
encoding a fusion polypeptide. The fusion polypeptide comprises a structural papillomavirus 
polypeptide and an early non-transforming papillomavirus polypeptide having the C-terminus of 
the structural polypeptide connected to the N-terminus of the early non-transforming early 
polypeptide. The connection between the structural and non-transforming early polypeptide is 
produced by hgating the 3 1 end of the structural ORF to the 5' end of early ORF thereby encoding 
for the connected fusion polypeptide. The presently claimed invention specifically includes a non- 
transforming peptide, which as described on the top of page 4 of the present specification, refers 
to the fact that the polypeptide has no transformation ability by nature or through intervention. 
Transformation is clearly described in the present specification as the conversion of a normal cell 
into a tumor cell which has the capacity for unlimited proliferation. Thus, the presently claimed 
invention, by using only non-transforming early ORFs, eliminates the ability of extracellular 
DNA from recombining with the cell genome, to prevent giving the cells new genetic 
properties. 

In the June 13, 2002 Office Action, the Office stated that: 

"while Donnelly et al. and Johnston teach the expression of 
multivalent antigens of both early and late ORFs of 
papillomavirus, neither reference provides the specific teaching 
to combine the various proteins, or fragments thereof, into one 
fusion protein comprising both an early ORF and a late ORF. 
Lacking the specific teaching to combine the proteins into one 
fusion protein, the teachings of Donnelly et al. and Johnson do 
not make obvious the instantly claimed invention, and the 
rejection is withdrawn." 

By the above statement, it is clear that the Office recognizes that the combination of Donnelly, et 
al. and Johnson does not establish a prima facie case of obviousness. However, the Office 
mistakenly believes that the combination is only lacking in the teaching of fusion proteins and has 
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failed to address the fact that Donnelly et al. teaches away from using the viral vectors of 
Johnson. 

Johnson relates to a eukaryotic expression system comprising recombinant Adeno-Associated 
Virus (AW) vectors that are used in combination with a helper virus for transfection of cells. 
Viral vectors, especially AAV, cause integration of the AAV genome and any foreign DNA 
material included in the AAV genome into the chromosomic material of the transfected cell. 
Because of this integration directly into the DNA of the cell, AAV exhibits long-term gene 
expression in vivo. Thus, genes transfected by the AAV, whether detrimental to the subject or not, 
are expressed by the transfected cell 

According to the Office, as stated at page 4 in the June 13, 2002 Office Action, Donnelly, et al. 
teaches that "generally any appropriate vector can be used for delivery of papillomavirus ORF 
sequences." Applicants vigorously disagree because Donnelly, et al. expressly teaches the use of 
artificially engineered plasmids. Clearly, Donnelly, et al teaches away from the use of viral 
vectors, such as those described by Johnson to infect cells, because as stated at page 4, in the first 
full paragraph of the Donnelly, et al. reference: 

"Retroviral vectors have restriction on the size and structure of 
polypeptides that can be expressed as fusion proteins while 
maintaining the ability of the recombinant virus to replicate, and the 
effectiveness of vectors such as vaccinia for subsequent 
immunization may be compromised by immune responses against the 
vectors themselves. Also viral vectors and modified pathogens have 
inherent risk that may hinder their use in humans." 

Further, Donnelly, et al., expressly states, at the bottom of page 5, that using the described 
engineered plasmid DNA is advantageous because no assembly of virus particles is required 
and no infectious agent is involved. Thus, Donnelly, et al. explicitly teaches away from using a 
viral vector such as described by Johnson, mainly for the reason that Johnson teaches that a virus 
helper is required for transfection (see column 4, line 41). It should be further noted that 
Donnelly, et al, does not in any way discuss, teach or suggest using only non-transforming early 
E6-ORF or E7-ORF for inclusion in the described artificially engineered plasmids. Clearly, the 
Donnelly, et al. reference is completely silent regarding transformation of transfected cells because 
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the engineered plasmids described by Donnelly, et al. provide no mechanism for integration of the 
virus DNA into the cell genome. 

Thus understood, applicants request that the Office explain why one skilled in the art, after reading 
the above quoted sections of Donnelly, et al., would consider using a viral vector which requires 
the use of a virus helper, such as that taught by Johnson, for transfection of a cell. Clearly, one 
reading the Johnson reference , which expressly states that a virus helper is required for 
transfection, and then Donnelly, et al., which teaches the disadvantage of using a virus helper, 
would not think of combining the two references, with or without Whittle, et al. 

To overcome the shortcomings of the Donnelly, et al. and Johnson combination, the Office 
introduced Whittle, et ah which describes fusion proteins comprising late and early ORFs. 
However, it is evident that Whittle, et al. does not include any additional teachings that in 
combination with Donnelly, et al. and Johnson establish a prima facie case of obviousness. 

As stated above, the presently claimed invention comprises a fusion polypeptide that combines a 
late structural ORF or fragments thereof and a non-transforming E6-ORF or E7-ORF or 
fragments thereof for inclusion into an AAV viral vector system. 

According to the Office: 



"Whittle, et al. teach that at the time of filing many of the ORFs have 
been used for the production of HPV vaccines (see columns 1-3), and 
provide specific and necessary guidance to generate polynucleotide 
sequences which encode fusion proteins comprising late and early 
ORFs of papillomavirus," 



Applicants insist that Whittle, et al. does not in way describe, teach or suggest the presently 
claimed invention. 

According to MPEP 706.02(j): 



"To establish a prima facie case of obviousness, three basic criteria 
must be met. First, there must be some suggestion or motivation, either 
in the references themselves or in the knowledge generally available to 
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one of ordinary skill in the art, to modify the reference or to combine 
reference teachings. Second, there must be a reasonable expectation of 
success. Finally, the prior art reference (or references when combined) 
must teach or suggest all the claim limitations. The teaching or 
suggestion to make the claimed combination and the reasonable 
expectation of success must both be found in the prior art, and not 
based on applicant's disclosure. In re Vaeck, 947 F.2d 488, 20 
USPQ2d 1438 (Fed. Cir 1991)." 

Firstly, the Office has not identified any objective or specific teachings or suggestions in the cited 
references that would motivate one skilled in the art to combine the references. According to the 
Office, "the test for combining references is not what the individual references themselves suggest, 
but rather what the combination of disclosures taken as a whole would have suggested to one of 
ordinary skill in the art" (see page 6 of June 13, 2002 Office Action wherein the Office cited a 
1971 decision by the CCPA (In re McLaughlin, 170 USPQ 209)). Applicants take issue with the 
cited case law because the cited references in McLaughlin did not present conflicting construction, 
such as in the present instance. If the Office insists that the references must be taken as a whole 
then the fact that Donnelly, et al. and Whittle, et al. both teach away from using the viral vector 
system of Johnson must also be considered. Clearly, Donnelly, et al. teaches away from using 
viral vectors, and thus one skilled in the art would not consider combining Donnelly, et al. with 
Johnson, with or without Whittle, et al. Furthermore, Whittle, et al teaches away from using 
eukaryotic expression systems because of the low yield and instead prefers the use of a prokaryotic 
expression system. Thus, one would not consider combining the eukaryotic expression system of 
Johnson with the teaching of Whittle, et al., with or without Donnelly, et al. 

The Office should be aware that the Federal Circuit recently addressed the question whether there 
is a reason to combine references and what is required by the examiner to show a suggestion to 
combine references and stated: (See In re Lee, 61 USPQ3d 1430, 1433 (Fed. Cir. 2002)) 

"The factual inquiry whether to combine references must be thorough and searching.' Id. It 
must be based on objective evidence of record. This precedent has been reinforced in 
myriad decisions, and cannot be dispensed with. See, e.g., Brown & Williamson Tobacco 
Corp. v. Philip Morris Inc., 229 F.3d 1120, 1124-25, 56 USPQ2d 1456, 1459 (Fed. Cir. 
2000) ("a showing of a suggestion, teaching, or motivation to combine the prior art 
references is an 1 essential component of an obviousness holdlng ,,, ) (quoting C.R. Bard, Inc., 
v. M3 Systems, Inc., 157 F.3d 1340, 1352, 48 USPQ2d 1225,1232 (Fed. Cir. 1998)); In re 
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Dembiczak, 175 F.3d 994, 999, 50 USPQ2d 1614, 1617 (Fed. Cir. 1999) ("Our case law 
makes clear that the best defense against the subtle but powerful attraction of a hindsight- 
based obviousness analysis is rigorous application of the requirement for a showing of 
the teaching or motivation to combine prior art references. "); In re Dance, 160 F.3d 
1339, 1343, 48 USPQ2d 1635, 1637 (Fed. Cir. 1998) (there must be some motivation, 
suggestion, or teaching of the desirability of making the specific combination that was 
made by the applicant)?/" re Fine, 837 F.2d 1071, 1075, 5 USPQ2d 1596, 1600 (Fed. Cir. 
1988) ("'teachings of references can be combined only if there is some suggestion or 
incentive to do so.'") (emphasis in original) (quoting ACS Hasp. Sys., Inc. v. Montefiore 
Hosp., 732 F.2d 1572, 1577, 221 USPQ 929, 933 (Fed. Cir. 1984)). ' 

The need for specificity pervades this authority. See, e.g., In re Kotzab, 217 F.3d 1365, 
1371, 55 USPQ2d 1313, 1317 (Fed. Cir. 2000) ("particular findings must be made as to the 
reason the skilled artisan, with no knowledge of the claimed invention, would have selected 
these components for combination in the manner claimed 1 ); In re Roujfet, 149 F.3d 
1350, 1359, 47 USPQ2d 1453, 1459 (Fed. Cir. 1998) ("even when the level of skill in the 
art is high, the Board must identify specifically the principle, known to one of ordinary 
skill, that suggests the claimed combination. 

In other words, the Board must explain the reasons one of ordinary skill in the art would 
have been motivated to select the references and to combine them to render the claimed 
invention obvious: 1 ); /// re Fritclu 972 F.2d 1260, 1265, 23 USPQ2d 1780, 1783 (Fed. Cir. 
1992) (the examiner can satisfy the burden of showing obviousness of the combination 
"only by showing some objective teaching in the prior art or that knowledge generally 
available to one of ordinary skill in the art would lead that individual to combine the 
relevant teachings of the references 1 )." (Emphasis added) 

Reading the above quote, it is apparent that the Federal Circuit in 2002 has raised the bar that the 
Office must meet to show a suggestion or motivation to combine references to establish a prima 
facie case of obviousness, relative to the 1971 case cited by the Office. Applicants submit that the 
Office has not met the current standard set forth by the Federal Circuit to show a suggestion or 
motivation to combine the cited references. 



Secondly, in light of the fact that both Donnelly, et al. and Whittle, et al. teach away from using the 
eukaryotic viral vector system of Johnson, there is no reasonable expectation of success. Not one of 
the fusion proteins described in Whittle, et al. has been introduced into a eukaryotic expression 
system because Whittle, et al. expressly states that a eukaryotic system generates a low expression 
level and teaches away from uses an eukaryotic expression system. Accordingly, there is no 
suggestion or teaching for the combination proposed by the Office. 



Thirdly, even if all the references were combinable, which they are not, the combination still does 
not in any way disclose, teach or suggest each and every limitation of the presently claimed 
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invention. Specifically, neither Donnelly, et al. nor Whittle, et al., either alone or with Johnson 
teach or suggest a fused polypeptide comprising a structural papillomavirus polypeptide encoded 
by an open reading frame selected from the group consisting of Ll-ORF, L2-ORF and fragments 
of any of the foregoing ORFs; and a non-transforming early E6-ORF, E7-ORF and fragments of 
any of the foregoing ORFs. Donnelly, et al. is completely silent relating to the inclusion of non- 
transforming E6-ORF and E7-ORF in the described engineered plasmids. Of course, Donnelly, et 
al. does not use viral vectors, as discussed above, and thus integration of the early 
transforming genes into the cell genome is not recognized as a problem. Likewise, Whittle, et 
al. does not in any way, disclose, teach or suggest using non-transforming E6-ORF or E7-ORF 
genes for inclusion in the prokaryotic expression system described in Whittle, et al. Thus, the 
proposed combination by the Office, does not meet all the requirements set forth in the MPEP, as 
required to establish a prima facie case of obviousness. 

In light of the above discussion and the fact that (1) there is no motivation, suggestion or teaching 
to combine the references; (2) each and every recited limitation of applicants' claimed invention is 
not disclosed or suggested in the cited references; and (3) even if the references were combinable, 
which they are not, Donnelly, et al. and Whittle, et al. teach away from use of a viral vector such 
as that disclosed in the Johnson reference; it is clear that the cited combination fails to establish a 
prima facie case of obviousness of applicants 1 claims as herein amended. 

Claims 16, 18, 20 and 50 were rejected under 35 U.S.C. §103 (a) as being unpatentable over 
Donnelly, et al., Johnson and Whittle, et al. in further view of Gissmann, et al. Regardless, of the 
teachings of Gissmann, et al., applicants respectfully submit that the defects in the alleged prima 
facie case over Donnelly, et al., Johnson and Whittle, et al. are not cured by the addition of 
Gissmann, et al. 

The Office must view Gissmann, et al. in its entirety and if properly viewed, the cited reference in 
combination with the primary and secondary references still does not teach or suggest all the 
claimed limitations of the present invention. Gissmann, et al. discloses fused polypeptides 
wherein a portion of a viral structural proteins of HPV, whether LI or L2, is deleted. In the 
deleted area of the sequence another sequence is inserted. This is in sharp contrast to Donnelly, et 
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al. that expressly states that maintaining the conserved portions of the papilloma viruses, such as 
structural portions LI and L2, is important to provide protection against subsequent challenges by 
different types of papilloma viruses. Donnelly, et al. maintains the integrity of the structural 
proteins for the specific reason of providing extended protection, even if a subsequent attack 
occurs by another virus strain. Clearly, mutating the LI or L2 structural gene is precluded by 
Donnelly, et al. and as such the Gissmann, et al and Donnelly, et al. references are not combinable. 
More important, if the mutation of LI and L2 as taught by Gissmann, et al. is introduced into the 
DNA constructs of Donnelly, et al. the intended purpose of maintaining a highly conserved 
structural protein in the Donnelly, et al. reference is destroyed. Thus, there is no motivation to 
combine the cited references and the Office has not provided any teachings or suggestions 
sufficient to provide one skill in the art the motivation to make the proposed modifications needed 
to arrive at applicants 1 claimed invention. 

Claim 61 was rejected under 35 U.S.C. §103 (a) as being unpatentable over Donnelly, et al., 
Johnson and Whittle, et al. in further view of Stanley, et al. Regardless of the teachings of 
Stanley, et al. applicants respectfully submit that the defects in the alleged prima facie case over 
Donnelly, et al., Johnson and Whittle, et al. are not cured by the addition of Stanley, et al. Thus, 
for the reasons set forth above, this rejection also is improper. 

In light of the foregoing observations and the clarifying amendments to the claims, applicants 
submit that the cited references fail to suggest the subject matter of the rejected claims. 
Reconsideration and withdrawal of the rejections is respectfully requested. 

Conclusion 

Applicants have satisfied the requirements for patentability. All pending claims are free of the art 
and fully comply with the requirements of 35 U.S.C. §112. It therefore is requested that Examiner 
Woitach reconsider the patentability of claims 14-61, 65-66, in light of the distinguishing remarks 
herein and withdraw all rejections, thereby placing the application in condition for allowance. 
Notice of the same is earnestly solicited. In the event that any issues remain, Examiner Andres is 
requested to contact the undersigned attorney at (919) 419-9350 to resolve same. 
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Respectfully submitted, 




Registration No. 39,983 
Attorney for Applicant 



INTELLECTUAL PROPERTY/ 
TECHNOLOGY LAW 
P.O. Box 14329 

Research Triangle Park, NC 27709 
Telephone: (919)419-9350 
Fax: (919)419-9354 
Attorney Ref: 4121-107 RCE 2 
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full transforming potential, which interacts with the tumour 
suppressor protein p5 3 [S|. 

Polyoma Vlms LT *«w «>me functions with its SV40 
counterpart. It probably has a similar role in replication- UNA 
b.nd.ng and ATP-dependent he.icase activity have been demon- 
s rated, and ,, is also active in transcriptional activate/ 
repress,™ assays. It ,s less effective, however. i„ transformation 
assays and is capable only of promoting proliferation, or 

u th plO Rb has been shc,v„. but no interaction with p53 has 
yet been demonstrated. 

MT. Mouse and hamster polyomavin.se*. but „«, SV40-.ype 
-ruses, encode a 55K major early function. The hamster species 
■ re htively poorly characterised, but mouse po.yo.na virus MT 
b s been much studied. It is responsible for cellular alterations 
»n.ch ead to transformation of proliferating ceils to a tumori- 
gen,c pbenotype. MT is l.n-ated in higher order structures in the 
cytoplasm predominantly membrane and rytoskeletal in nature 
^ particular, a membrane-bound suhpopulat.on associated with 
p tad membranes, essential to transformation, interacts with 
and activates the product of the cellular proto- oncogene c-src 
** — .'h,s comple, is also directly associated with 

the 81k component of a phospha.idylinositol-3 kinase enzyme 
which may also he found m association with activated P K 
"nved growth factor receptor (s,r c.*owt„ r ACT o BS; ceown, 
tor rectors). I„ addition. MT interacts with the 60K 
regulatory. (A, and the i5 K. catalytic ,C). subunits of the ceSr 
Protein phosphatase M complex. The function of this interne 
"on .n transformation by VIT is unknown 
The relevance of these interactions to the growth of the virus ,s 

l e MT/sr unique region result in viruses that grow poorly 
Ibere 1S some correlation between this loss of function and 

n e VPi 0St , tra H S,at,0 , nal m0d " iCat '° n ° f thC P*" P 

•tin. VP1 . wh,ch results in a block ,n virion assembly. 

ST. The small T gene product (2iK ,n size) shares common 

most of „s length; m mouse polyoma v.rus only the C termin ,1 
four am,™ adds are un.uue to ST. It ,s dispense for acl, ™ 
I ™ ^ " to potentiate the actio 

ot cr early antigens and may have a role in tumour formation ,„ 

• d r K r SV4 ° and Pol - VOnlil «™ infract with the A 

t , MT '^T : Q ' S,eine rCpeat r ^'°" ~on to polyoma 

virus MT and ST and SV40 ST. 

The late region 

T?. n t r "T i0S ,hC Um t ' :l,nU ""' 11 mS "ft'-tric, 
H < .P coat protc,,, VP 1 (4SK). is expressed a, late Umes in 

H.ie cycle andisiiiit.anv located m Ihe nucleus Later. ,t 
' ' 1,1 ""^eytopfism ol„,lec,ed cells as well. In mouse 

Myoma varus ,t ,s modified p„st-,rans.a,ionall v by phosphor^ 
' , : ,d;il '- Ul ,f '"" ™i <,.e,ec,ncf,„„,s. .,ca, sponta- 

— lvor,n„i;„. ,„,,,,„ intonates of ,,vo molecules ,, own 



ds capsomeres. which, under the appropriate buffer conditio 
can form caps,ds. Despite the capsomers be,n g arranged in ?' 
capsid w„h axes of hve- and sixfold symmetry (Fig £ " "* 
pentamers of V'Pl are found. ^ 
The role of the minor coat proteins in the virion structure is U, 
w II dehned. v ray rRYSTAUooRAPHtc data have revealed £ - 
below the outer layer of VP1 capsomeres l, e s an electron de^ 
layer, probably composed of VP2 and 3 (iS and 23K P : 
lively) VP3 is entirely encoded w, t h,„ ^ and Jits co irS 
to vral .nfectiVity is diflicult to assess, although ,t is thought to be ■ 
necessary for efheiont viral reproduc Hon. Roth proteins accum ' 
>.e in the nucleus and may be mvolved .„ transpoX ^ * 
th,s s,te. VP.! ,s modified post-trar,slat,on.,llv with myotic ac £ ' 
^ of this momuati,, r.,.,,. does Z, ^ . 



Papillomaviriises 

It has not been t x,ssible to develop an ,„ v„m lytic system for th e 
study of pap,l,omav,ruses: virus and viral transcripts can only be 
obtained ,n very low amounts fro,n infected epithelial tissues™ 
papillomas However. mRNAs isolated fron, these sources reveaj 
overlapping and spliced transcripts, and promoters and po« 
* MW "™ f CS M -V- '"ending on the source a£ ' 
"Pen reading frame (ORF) transcribed Expression of the vS 
R.-nos ,s t,g tly restricted by the level of ditWcntiation of the eel 
n the ep,denn, 5 . With the progression Iron, undifferentiated 
IWSa ' laVCr £c,ls t0 d.fferen„a,ed sc.u.imous cells, viral ge,e 
expression switches from early to late. Viral functions have 
mostly been analysed by cloning the OKFs into suitable vectors 
and expressing them ,n tissue culture. Asso, ,ai,on of some types 
of human papillomaviruses ,HPV sl with , an, erous conditions has 
stimulated a wealth of data on the functions encoded by ,h" 





[ hePaC -^ a,ran 9 e ™"'°'^^n l ,s,n,h, ra pov. 1 v ! r U sSV40 The 
V -a, , tru cn„e „ SV ,0 roveaiec , new , y[Je o. pa , k „.g .„ „„ ch 72 
pen amers o, »„„„ pr.ie.n VP, a „ arr lnged ln a jm . r 9 n o , - 

o.„«,„n axes o, the » atadr:1 , . I8ch surrou „ d , d ,. w 0 " 

b ..:oor*n.,ed pon t; ,mer s *, notiio on an, s,n lm e,ry 3 , es ln£( 
surrounded by s,x penlamers Based on [7] 
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cellular transcriptioi 
repress promotor/en 
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relevant to transfon 
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HPV 16 and 18, c 
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phorylated form of 
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ses However, bovine papillomavirus, type 1 (HPV-1) being 
VtfU r " ea dily obtained than other members of the family, is 
m mmonlY used as a prototype for studying viral functions. As 
"Tpolyomaviruses. the genome has been divided into early and 
fete regions (Fig. P2>. although, unlike polyomavi ruses, transcrip- 

of both regions occurs from a single strand. 

Early region 

The region containing early ORFs has been defined as the 
wment of the genome (69% of the total) necessary for conferring 
^formation on cells in an in vitro assay. This region contains 
Iht ORFs. five of which (El. E2. E4. Eft. and E7) appear to be 
found in other papillomavirus genomes, suggesting that these are 
essential functions. 

El The El ORF gene is involved in episomal (extrachromosomal) 
replication of the viral genome. It bears some homology with 
SV40LT in the regions involved in ATPase activity and nucleotide 
binding and its product can bind DN A. either alone, or complexed 
to E2 gene products. 

B2. These polypeptides have the properties of transcriptional 
regulators [6\ They bind as dimers to the palindromic DNA 
sequence ACCGNNNNCGGT, which is found in several copies m 
the noncoding region of the virus. Simultaneous binding of E2 
dimers to several of these sites results in a high level of transcrip- 
tional activation. There is also evidence for cooperation of E2 with 
cellular transcription factors such as API. Active E2 seems to 
repress promoter/enhancer activity for the ORFs E6 and E7. E2 is 
often found to he defective in material derived from HPV tu- 
mours. 

E6, E7. The major proteins encoded by papillomaviruses that are 
relevant to transformation are transcribed from the E6 and E7 
ORFs. These polypeptides are capable of transforming primary 
cells in a classical focus formation assay. The t.6 protein, from 
HPV 16 and 18, can promote the breakdown of the tumour 
suppressor protein pS3, in an ATP-dependent manner and uti- 
lizing the ubiquitin degradation pathway (see protein degrada- 
tion). E7. which cooperates with the oncogene ras to transform 
primary cells, has been shown to interact with the underphos- 
phorylated form of the plOSRb tumour suppressor gene This 
interaction probably occurs through the N-terminal 37 amino 
acids, which share some homology with domains 1 and 2 of 
adenovirus El A, also known to he involved with plOSRb binding. 
Therefore, transformation of cells by E6 and E7 may occur by a 
similar route to that of the DNA tumour viruses - adenovirus 
and SV40. E6 and E7 may also induce host chromosomal alter- 
ations. 

E5. A further contribution to transformation, in some papilloma- 
viruses, may come from the product of the ES ORF. Studies on the 
44 amino acid product of deer or bovine papillomavirus ES ORFs 
have revealed a potential for the gene in inducing growth, cellular 
transformation, DNA synthesis, and activation of the platelet- 
derived growth factor receptor. Various mechanisms for the latter 



have been proposed, including direct binding to the receptor. 
Some homology with the [J chain of platelet-derived growth factor 
{st\: growth factors) has been noted. The E5 protein has been 
isolated in association with a 16K protein thought to be important 
in cellular compartments in which processing of growth factor 
receptors occurs. 

Late region 

The late region has two large ORFs capable of coding for proteins 
of 55 K (LI) and 50K (L2). LI encodes the major structural capsid 
protein. The role of the minor capsid protein, L2, is not known. 

N.S. KR AUZF.WTCZ 

See also: animal, viruses; animal virus disease; elikaryotic 
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paracentric inversion See: chromosome aberrations. 

paracrine Term applied to the action of local chemical mediators 
which have their effects very close to the cells that secrete their 

paralogous See: homology. 

paramylon A storage (H, i glucan of the unicellular alga Eiujlen 
gracilis, formed by transfer from UDP-Glc. using a paramylo 
synthetase that is membrane-associated and solubilized by sc 
dium deoxycholate. There is evidence for a glycoprotein prirm 
and the synthetase closely resembles callose synthetase in beir 
stimulated by oligosaccharides of pi. 3 and P 1.4 glucans, 

Paramyxoviridae Family of enveloped RN A animal viruses con 
prising three genera — paramyxoviruses, morbiliviruses (measle 
canine distemper), and pneumoviruses (respiratory syncyti 
vims, RSV), Vims particles are pleomorphic and -150 nm 
diameter, with surface spikes. The single-stranded RNA genon 
(M r 5 x l() 6 -7 x 10 6 ) is usually (-) sense, but some particl 
contain ( f )-sense genomes. See: animal virus diseases anim. 

VIRUSES. 

paranemin An intermediate filament protein. 

paraquat One of the low-potential (H m - - 400 mV) viologen d) 
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Numerous clinical, epidemiological and molecular lindings link some types of Human Papillomaviruses (HPV) with 
cancer of the genital tract, They share a common pathway of transformation with a number of DNA tumour viruses, 
such as Adenovirus and SV40. Although all these viruses arc termed 'DNA tumour viruses' and have similar in vitro 
transforming activities, Human Papillomavirus is the only one so far clearly involved in human cancer. Extensive 
studies on HPV E6 and E7 proteins have demonstrated their involvement in malignant transformation. E6 and E7 
bind the products of tumour suppressor genes. p53 and Rbl, respectively, modifying or inactivating their normal 
functions. The Rbl and p53 genes are deleted or mutated in several cancers and both proteins regulate the transcription 
of genes involved in cell cycle progression control. The E6/p53 and E7/Rbl interactions result in a deregulation of the 
cell cycle with loss of control of crucial cellular events, such as DNA replication, DNA repair and apoptosis. 
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Abstract: 

The transforming potential of the human papillomavirus (HPV) type 16 has been defined largely in the E7, E6, and 
E5 oncoproteins, with the major transforming capability residing in the E7 gene. In this paper, we found that in 
cooperation with the activated res the HPV 16 E7 gene when expressed in a retroviral vector could fully transform 
baby rat kidney (BRK) cells in transfections, whereas the same construct could only immortalize the BRK cells 
following retroviral infection. This inability to transform correlated with the low levels of E7 gene RNA expression in 
the viral infected cells, which harbor a lower number of copies of the E7 gene constructs. Cotransfection of the 
expression vector FV2E7, which gives high levels of E7 gene expression, and activated ras lead to rapid and efficient 
morphological transformation of BRK cells which grew easily in soft agar and induced large tumors in athymic nude 
mice In contrast, cotransfections of the expression vector FV1E7, which gives lower levels of 67 gene expression, 
produced much lower numbers of transformed colonies which took longer to form, showed a retarded growth on soft 
agar, and induced smaller tumors in nude mice. Under these conditions, colonies of immortalized, but morphologically 
untransformed cells formed in large numbers. These results indicate that the transforming potential is directly 
correlated to the expression levels of the oncoprotein and that a threshold level of the E7 oncoprotein may be required 
before the cells can be fully transformed. This supports the hypothesis that the transformation processes include at 
least two separate and continuous steps which first lead to immortalization and then to metastasis, in agreement with 
the clinical progression of genital tumors from benign to malignancy. Such a progression may involve enhanced 
expression of the oncoproteins. (C) 1005 Academic Press, Inc. 
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